The dithallous salt of 2,4-dihydroxy-2,4-dimethylpentanoic acid (1), formed by slow diffusion of acetone into an aqueous thallous cyanide solution, is transformed into 2,4-dihydroxy-2,4-dimethylpentanoic acid (2) by reaction with ammonium iodide. 2-Hydroxy-2,4,4-trimethylbutyrolactone (3) is obtained by treatment of 2 with catalytic amounts of benzenesulfonic acid. The sequence of the reactions and the crystal structure of 1 are discussed.
Introduction
The formation of aldols from aldehydes and ketones with acidic α-hydrogen atoms [1] is one of the classical reactions in organic chemistry [2] . Similarly, the combined addition of cyanide and a proton to the carbonyl group of aldehydes and ketones with formation of α-hydroxynitriles (cyanhydrins) [3, 4] belongs to the standard repertoire of organic synthesis [4] . The stepwise occurrence of both, aldol addition and cyanhydrin formation, could be a fruitful method for the construction of organic scaffolds. To the best of our knowledge, the reaction of excess acetone with sodium cyanide in the presence of (η-C 5 H 5 ) 2 TiCl 2 as Lewis acid catalyst is the only reported example [5] realizing this sequence in a "one pot" reaction.
As part of our investigations into the chemistry of thallous cyanide, we report in this communication on the TlCN-mediated transformation of acetone into 2,4-dihydroxy-2,4-dimethylpentanoic acid.
Results and Discussion

Formation of 2,4-dihydroxy-2,4-dimethylpentanoic acid (2) from acetone
When acetone was allowed to diffuse into aqueous thallous cyanide via the gas phase, the precipitation of 0932-0776 / 08 / 0900-1040 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com cubic colorless crystals of the composition Tl 2 C 7 H 12 -O 4 (1) was noted. In contrast, slow addition of liquid acetone to an aqueous TlCN solution results in immediate precipitation of thallous cyanide, rather than in the formation of the new thallium complex.
Structure analysis by X-ray single crystal diffraction indicated the formation of a thallium complex with the dianion of 2,4-dihydroxy-2,4-dimethylpentanoic acid (see below). The identity of the complex ligand has been proved further by the reaction of the thallium complex with ammonium iodide yielding 2,4-dihydroxy-2,4-dimethylpentanoic acid (2) . The product showed a [M-H] − peak in the FAB mass spectrum (negative mode) at m/z = 161, and the 1 H and 13 C NMR spectra are in accordance with the structure. Addition of catalytic amounts of benzenesulfonic acid to a solution of the α,γ-dihydroxy acid in D 2 O results in a smooth transformation into 2-hydroxy-2,4,4-trimethylbutyrolactone (3) .
Obviously, the acetone penetrating into the aqueous thallous cyanide solution becomes involved in a multi-step reaction sequence consisting of a basecatalyzed aldol addition, followed by a cyanhydrin reaction. Finally, the cyano group is hydrolyzed to a carboxylate group. The smooth hydrolysis of the cyano function under mild conditions may be facilitated by Under identical conditions a similar process is not observed when thallous cyanide is replaced by potassium cyanide. It is therefore concluded that the formation of the precipitating thallium complex which shifts the solution equilibria to the dianion of 2,4-dihydroxy-2,4-dimethylpentanoic acid is essential for the overall reaction. The precipitated thallium salt is composed of the dianion of 2,4-dihydroxy-2,4-dimethylpentanioc acid (2) and two thallous ions per structural unit. Therefore, its formation requires an additional deprotonation step. This detail may also be important for the overall reaction scenario because in the second reaction step (cyanhydrin reaction) the protonation of the former carbonyl oxygen atom of the intermediate aldol is essential for shifting this equilibrium towards the cyanhydrin [6] .
In a mechanistic variant the specific role of the thallous ion could be explained by its coordination with the aldol to give a chelate complex. In comparison 
to the uncomplexed aldol, the thallous aldol complex should show enhanced reactivity towards the cyanide attack and thus accelerate the cyanhydrin formation (Scheme 2).
The crystal structure of dithallium 2,4-dihydroxy-2,4-dimethyl-pentanoate (1)
Structures of organic thallous salts [7] containing bonding Tl-O contacts have been reported in a limited number including carboxylates [8] , alcoholates [9] , diketonates [10] , and crown ether complexes [11] . Salts of common inorganic oxoacids [12] have also been characterized by diffraction methods.
Compound 1 crystallizes in the monoclinic space group P2 1 /n, Z = 4, with two racemic pairs of the chiral molecule in the unit cell (Table 1) . Fig. 1 reveals the mode of connectivity in the polymeric arrangement in which every metal atom is linked to four oxygen atoms while each oxygen atom bridges two thallium atoms. Fig. 2 shows the monomeric unit of the dianion and the thallium atoms attached thereon in detail. As expected, the remaining O-H hydrogen atom of the dianion is bound to the oxygen atom of highest basicity and forms a hydrogen bond to the neighbor- (9) • ]. (2) 374.70 ( (4) 145.7(7) C(5)-C(6) 148(1) C(5)-C (7) 152 (1) O (1)
109.5 (6) C (6) (7) pm] is found in the hydroxy group. Over all, the structural parameters of the dianion are in the expected range (for details see Table 2 ). The Tl-O distances in 1 are in the range between 244 and 267 pm. The closest one [Tl(2)-O(3) = 244.3(4) pm] is significantly shorter than that found in thallous trinitrophenolate (263.4 pm [13] ) or in or- ganic Tl(III) salts like bis(pentafluorophenyl)thallium hydroxide (251.4 pm [14] ) and even in the trigonal structure of Tl 2 O (251.6 pm [15] ). The coordination geometries around the thallous and oxygen centers do not obey classical polyhedral models which indicates the bonds to be dominated by electrostatic interactions. In addition, the coordination geometry of thallium(I) may be influenced by its stereochemically active lone pair.
The closest intermetallic distance in 1 [Tl(1)···Tl(2) = 374.70 (6) 3 SiTl-Tl(Si(SiMe 3 ) 3 (291.4 pm [20] ). Nevertheless, the structure of 1 may also be regarded as a reference for closed-shell interactions as discussed in [21, 22] .
Experimental Section
All experiments were performed under argon excluding carbon dioxide. Thallous cyanide was obtained by a published procedure [23] .
CCDC 683394 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
2,4-Dihydroxy-2,4-dimethylpentanoic acid, dithallium salt (1)
A beaker filled with a solution of 2.00 g (8.69 mmol) thallous cyanide in 10 mL of water was placed in a chamber containing acetone. Over 4 d at r. t., acetone was allowed to diffuse into the aqueous solution. 
2,4-Dihydroxy-2,4-dimethylpentanoic acid (2)
To a solution of 0.167 g (1.15 mmol) of ammonium iodide in 4 mL of methanol, 0.326 g (0.574 mmol) of compound 1 was added. After stirring for 1 h at r. t., the filtered solution was evaporated in vacuo to dryness. 
2-Hydroxy-2,4,4-trimethylbutyrolactone (3)
To an NMR sample of 2 in D 2 O, catalytic amounts of benzenesulfonic acid were added, and the lactone 3 was identified by NMR spectroscopy. 
